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Introduction
The problem we address here arose during our attempt to compile a phoneme inventory database of China, similar to that of the University of California at Los Angeles (UCLA) Phonology Segment Inventory Database (Maddieson & Precoda 1990 , 2011 . We found that most descriptions of a Chinese language or dialect start with an onset inventory and a rime inventory, rather than an inventory of phonemes (consonants and vowels), the latter being the standard practice in the Western tradition.
The difference between the two traditions may have resulted from their respective writing systems. Western languages are written alphabetically, where consonants and vowels seem to be the building blocks of words and a natural point to start the phonological analysis. In contrast, Chinese orthography is based on syllables, and the pronunciation of a syllable is traditionally indicated by two other syllables, one representing the onset of the target syllable and one representing its rime; this is known as the Fǎnqiè annotation system, which became widely used after 200 AD. Given its convenience and success, decomposing syllables into onsets and rimes, rather than consonants and vowels, has continued in China right up to the present day.
A number of theoretical questions arise. Are phonemes real? Are syllables real? Can basic phonological units differ between languages? Linguistic opinion is divided. For example, Chomsky & Halle (1968) assume that consonants and vowels are real but syllables are not. In contrast, Ladefoged (2001:170-173) suggests that syllables are real but phonemes are not. It is also possible that phonemes are real in some languages and syllables are real in others. Yet another view is that both phonemes and syllables are real in all languages. It is not our intention to evaluate the various views here. Instead, we agree with Goldsmith (2011) and assume that both phonemes and syllables are real.
If both phonemes and syllables are real, there ought to be a way to convert onset and rime inventories to a phoneme inventory, but this problem is notoriously difficult. In particular, as noted by Chao (1934) , multiple solutions are often possible and there seems to be no reasonable way to choose among them. For example, should the onset [kw] be treated as a single phoneme or two? Should the rime [ai] be treated as one or two phonemes? Should the answer depend on what language we are looking at?
In this study, we offer an in-depth analysis of La nzhou Chinese, in order to highlight the problems in phonemic analysis and suggest a method to solve them. We propose that, if features and syllables are taken into consideration, most problems can be resolved and ambiguities often disappear. We also show that features and syllables point to new problems and call for new solutions, such as the distribution patterns of missing syllables.
We begin in §2 with inventories of onsets and rimes in Lanzhou Chinese, followed by analyses of onsets in §3 and rimes in §4. Subsequently, we consider occurring and non-occurring syllables in §5. Concluding remarks are given in §6.
Onsets and rimes in Lanzhou Chinese
Lanzhou Chinese is a variety of Lanyin Mandarin (Zhou 2005) . There have been a number of studies of its phonology (Gao 1980 (Gao , 1985 Hou et al. 1997; Karlgren 2003 Karlgren [1915 Karlgren -1926 ; Lanzhou University 1963; Zhang et al. 2009 ). Let us begin with the inventory of onsets and rimes, shown in (1). As is often the case, it is not always obvious whether a given transcription is phonetic or phonemic. Therefore, we use square brackets for all International Phonetic Alphabet (IPA) transcriptions.
(1)
Inventory of onsets (25 in all) and rimes (32 in all) in Lanzhou Chinese [p pʰ m pf pfʰ f v t tʰ n ts tsʰ s z tʂ tʂʰ ʂ ʐ tɕ tɕʰ ɕ ȵ k kʰ x] [ɿ ʅ ɯ i u y a ia ua ə iə uə yə ɛ uɛ ɔ iɔ ei uei ou iou ɐ̃ iɐ̃ uɐ̃ yɐ̃ ɔ̃ iɔ̃ uɔ̃ əñ ĩ n ũ n ỹ n]
Alternative transcriptions of some items have been used in previous studies, which can be seen in Table 1 . A cell with '+' means the transcription is the same as that on the left. A cell with '-' means the given onset is not included. If a listed transcription differs from that in the first column, it is given in the table cell. Hou et al. (1997) , and K = Karlgren (2003 Karlgren ( [1915 Karlgren ( -1926 e shall discuss alternative transcriptions later. In general, if we exclude marginal syllables, the number of onsets and rimes of a Chinese language is usually quite clear. In what follows, we discuss the phonemic analysis of onsets first, followed by the phonemic analysis of rimes.
Phonemic analyses of onsets
The features of the onsets of Lanzhou Chinese are shown in Table 2 . Besides traditional place and manner features, we have added articulator features, where Coronal (tongue tip) is used in dental, retroflex, and palatal articulations, and Dorsal (tongue body) is used in palatal and velar articulations (Halle 2003) . It may seem that all the onsets in Lanzhou Chinese are single consonants. In particular, the most complicated transcriptions are affricates, such as [pf pfʰ ts tsʰ], for which there is no need for decomposition. However, it has been proposed that even consonant phonemes can be decomposed in order to minimize them (Jones & Camilli 1933) . Consider the analysis in (2). linguists have adopted such decomposition. Nevertheless, the onset list can be further reduced according to their distribution and feature structure. We assume that, as in other Chinese dialects, the maximal syllable in Lanzhou is CGVX, where C is the onset, V the main vowel, G a glide (or high vowel) between C and V, and X a final consonant or the second part of a diphthong. Now, let us consider the pattern of CG combination in Lanzhou Chinese, as shown in 
The distribution pattern is similar to that in Standard Chinese (Putonghua), where each set of onsets has fairly different CG combinations. If we represent C and G with their features, a more precise generalization emerges. Following Halle (2003) and Duanmu (2007) , we divide C into three classes according to their articulators ( 
The change from a retroflex- 
Similarly, [v] comes from two sources, one being [ʐu] and the other being syllable-initial [u] (or [w] ). The realizations of the two sources have again merged in Lanzhou but remain distinct in Putonghua. This can be seen in (7). (7) Realizations of [ʐu] and [u] in Putonghua and Lanzhou Chinese ('#' indicates no corresponding writing symbol.) 
Finally, let us consider two marginal onsets, [l] and [z] . Karlgren (2003 Karlgren ( [1915 Karlgren ( -1926 The proposed consonant inventory is substantially smaller than the onset inventory. We are not aware of any previous study that has proposed a similar or simpler analysis. Our result is achieved by taking both features and syllables into consideration, rather than performing phonemics in isolation.
Phonemic analyses of rimes
We discuss the phonemic analysis of rimes in three steps: (1) the decomposition of rimes into smaller units; (2) phonemic analysis based on phonemic economy alone; and (3) phonemic analysis based on a consistent syllable structure.
Decomposition of rimes
There are different views on whether the rime inventory should be decomposed. Four approaches are outlined in (11) and illustrated in (12).
(11) Four views on the analysis of Chinese rimes a. You et al. (1980) According to You et al. (1980) , Chinese rimes should not be further decomposed. The main reason for this is that agreement is easy to obtain on the number of onsets and rimes, but it is hard to obtain on how to decompose rimes into smaller units. Lee & Zee (2003) decompose VC (vowel + consonant) rimes, but not diphthongs or triphthongs. No explanation is offered for their decision, but it seems to be a common practice in the IPA tradition, probably because there is no clear boundary within a diphthong or triphthong, whereas there often is one between a consonant and a vowel.
Hu (2013) [ai] ought to be as well. In addition, the rime of unstressed Chinese syllables (those that do not have an underlying tone or those that cannot maintain it) is only half as long as regular rimes (Lin & Yan 1988) ; this is further evidence that regular rimes, such as [ai] and [an] , comprise two units each.
Before we consider the decomposition of rimes in Lanzhou Chinese, let us take a closer look at the transcription in (1). It can be seen that a nasal vowel does not contrast with an oral vowel. In particular, we can omit the diacritic for nasalization. The alternative is shown in (13), which is similar to that given by Zhang & Mo (2009 Nasalization of a vowel before a nasal coda is also found in English (Ladefoged & Johnson 2011) , but since it is not contrastive, it need not be represented as different phonemes. For the time being, we focus on keeping different rimes distinct, rather than considering their exact transcription or their decomposed units. For example, [ɐ] has been transcribed as [ɛ] (Gao 1980 (Gao , 1985 , [ɛñ] (Hou et al. 1997) , and [an] (Zhang & Mo 2009); we shall discuss these shortly.
Let us now consider the decomposition of triphthongs, diphthongs, and VC rimes in Lanzhou Chinese. Assuming the alternative transcription in (13), the resulting list of distinct transcriptions, which we shall call phones, is shown in (14). For comparison, the list of original composite rimes is also given. The decomposition yields 13 vowel phones, including three new phones [e o ɐ]. The nasal [n] is not counted, as it is already found in the onset inventory. Lanzhou University (1963:83) considers the 13 phones to be independent vowels, without offering a phonemic analysis-a practice not uncommon in the Chinese tradition.
Analysis based on phonemic economy
Having decomposed rimes into vowel phones, let us consider how to group them into phonemes. We note that the decomposition created new environments, which can be used to examine complementary distribution. For example, in the original rime list, the only environment to the right of an item is a syllable boundary. With the decomposition, some vowels have a new environment, such as [_i] (Duanmu 2007; Lin 1989; Wang 1993) .
This discussion yields five vowels in Lanzhou Chinese, repeated in (18). The inventory is similar to that in Putonghua. The five-vowel analysis is a considerable reduction from the 13 phones we started out with. This analysis will be confirmed via a consideration of syllable patterns next.
Analysis based on syllable patterns
We now consider whether the five-vowel analysis can account for syllable patterns. First, let us consider the rime inventory again, repeated in (19).
(19) Rime inventory in Lanzhou Chinese
[ɿ ʅ ɯ i u y a ə ɛ ɔ ia ua iə uə yə uɛ iɔ ei uei ou iou ɐ̃ iɐ̃ uɐ̃ yɐ̃ ɔ̃ iɔ̃ uɔ̃ əñ ĩ n ũ n ỹ n] As far as maximal syllable size and phonemic economy are concerned, it is unclear which analysis is better. In particular, the five-vowel analysis proposes one fewer vowel but one more nasal. Therefore, the two analyses propose the same number of phonemes and neither exceeds the maximal syllable size of CGVX.
The discussion shows that when a language loses a substantial number of syllable contrasts, a restructuring of its phonemic system will take place sooner or later. At some point during the process, there might be competing phonemic analyses available, which may be settled when the syllable inventory is further simplified.
Accounting for missing syllables
In the phonological description of a Chinese language, a syllable inventory is often included. The inventory is created in the form of a table, where every onset is combined with every rime. Such a table for Lanzhou is given in the Appendix, where the onset list has been shortened, based on our analysis in §3.
As can be seen in the Appendix, missing syllables constitute nearly 50% of all cells. While some missing syllables could be accidental gaps, we must ask whether others, or most of the missing forms, are the result of systematic constraints. Traditional analyses rarely raise this question or consider the answer. However, if we take features into consideration, considerable insight can be gained. Specifically, it can be shown that nearly half of the missing syllables come from missing CG combinations, which we discussed in §3. For example, labial onsets do not combine with a medial [u] or [y] (the *Labial -Labial constraint), and velar onsets do not combine with rimes that start with [i] or [y] (the *Dorsal -Dorsal constraint). The feature analysis is quite simple, yet it offers real insight into why so many syllables are missing in a language whose syllable inventory is already small.
Next we consider rimes. Traditional analyses offer little discussion of missing rimes, because rimes are treated as single units and only the occurring rimes are listed. However, if we decompose rimes into smaller units then a large number of missing forms appear again, which calls for an explanation. Let us consider this in detail.
As in other Chinese languages, the maximal syllable in Lanzhou is CGVX, where C is a consonant, G a glide (or a high vowel), V a regular vowel, and X an off-glide or a nasal. Some sample syllables are shown in (22).
We have already discussed restrictions on CG combinations (see §3). Let us now consider restrictions on GVX combinations. In the preceding section, we discussed two competing analyses of phonemes in Lanzhou Chinese: a five-vowel analysis and a six-vowel analysis. Let us consider the five-vowel analysis first and then the six-vowel analysis.
In the five-vowel analysis, there are three glides, five vowels (excluding the marginal [ɿ ʅ ɯ]), and two nasal codas, giving 100 possible combinations, which are calculated in (23). [i u y a ia ua ə iə uə yə ɔ iɔ ɛ uɛ ei uei ou iou ɐ̃ iɐ̃ uɐ̃ yɐ̃ ɔ̃ iɔ̃ uɔ̃ əñ ĩ n ũ n ỹ n]
Before we examine the complete table of GVX combinations, let us introduce some notations. First, consider Table 5 . 
The first column indicates the nuclear vowels. The top row indicates options for G, which can be null (G = 0), [j] , [w], or [ɥ] . The last column shows the coda, which is null here (X = 0). Each cell in the middle area indicates a combination of GVX. For example, the cell on row 3, column 4, is [wu] , whose G is [w], V is [u] , and X is null.
Not every possible GVX combination occurs. To account for the non-occurring combinations, we propose three constraints, shown in (25). It can be seen that all the constraints are variations of the Obligatory Contour Principle, which has been proposed for Chinese previously (Yip 1988 If a GVX combination is found to occur, its IPA transcription is shown. If a GVX combination is ruled out by a constraint, the constraint label is shown instead. The remaining cells are indicated with a minus sign, which means that it ought to occur but does not. This is shown in Table 6 . 
In The two analyses are comparable in most respects, and both can account for occurring and non-occurring GVX forms in a fairly simple way, which is much simpler and more general than the analysis of GVX forms in Putonghua (Duanmu 2007) , where more constraints are used and quite a few missing forms remain unaccounted for. It can be seen that in the five-vowel analysis, most of the missing GVX forms (i.e. non-occurring forms not ruled out by the constraints HH, II, and UU) contain [ŋ] , clearly because [ŋ] is an extra phoneme in this analysis. In contrast, in the six-vowel analysis, most of the missing GVX forms contain [ɔ], again because [ɔ] is an extra phoneme in this analysis.
Conclusion
We have shown that a conversion from onset and rime inventories to an inventory of phonemes (consonants and vowels) is possible, thus establishing a link between phonological descriptions from two separate traditions: the Chinese tradition of onsets and rimes and the Western tradition of phonemes.
The conversion requires a phonemic analysis that makes reference to both features and syllables. The CGVX structure of Chinese syllables, along with patterns of riming, allows us to view rimes as GVX, which can be decomposed into smaller units. The feature structures of sounds can help us understand restrictions on CG combinations and help us minimize the inventory of consonants. Syllable structure can also help us interpret the underlying forms of some rimes, such as the choice between [iə̃ uə̃ yə] and [ĩ n ũ n ỹ n] in Lanzhou.
The decomposition of rimes into GVX also offers a full picture of occurring and non-occurring syllables, a picture not observed in traditional analyses. In such a picture, the majority of GVX forms are missing, which seems unexpected for a language whose syllable inventory is already small (compared with that of English). This puzzle requires an explanation. We have shown that, with a few general constraints on feature structure, the majority of missing syllable forms can be accounted for.
We have illustrated our approach with a phonological analysis of Lanzhou Chinese. We have shown that phonemic analysis is sometimes open to alternative solutions, which is a well-known fact (Chao 1934) . For example, we have shown that, by most criteria, a five-vowel analysis and a six-vowel analysis are comparable in Lanzhou Chinese. This may remind us of a proposal by You et al. (1980) , who argue that it is sufficient to stop at an onset inventory and a rime inventory, without phonemic analysis, because the latter cannot yield a unique solution. However, we have shown that our approach can substantially reduce alternative solutions in phonemic analysis. In particular, we have shown that there is no advantage to treating diphthongs or triphthongs as single phonemes (Lee & Zee 2003) , nor is there any advantage to treating VN rimes as single phonemes (You et al. 1980 ). In addition, there is a clear advantage to excluding [tɕ tɕʰ ɕ] and [pf pfʰ v] from the phoneme inventory of Lanzhou Chinese. This means that alternative solutions in phonemic analysis are highly restricted, and may well be a property of a language in the process of simplification, rather than a shortcoming of phonemic theory itself.
In summary, the success of our analysis, in terms of its simplicity (e.g. the small size of the proposed phoneme inventory compared with its onset and rime inventories) and the explanatory insight it yields (e.g. the amount of missing syllables accounted for), is evidence for the viability of the proposed approach. Our approach offers a better understanding of the relation among phonemes, features, and syllables, a better way to describe the phonologies of languages in China, and a new way to search for general phonological patterns in the languages of the world. 
